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ES V. TALANO, 
recently described in patients with regional postin~arction peri- 
ical T wave evolution was found to have a sensitivity 
specificity of 7% for clinically reco 
pericarditis with or without a peric 
Imds. Tbe hospital records am 
with clinically recognized postinfarction pericarditis (Group 1) 
were reviewed. The records and serial ECGs of 20 additional 
patients with a postinfarction pericardial effusion without clini- 
cally recognized postinfarction pericarditis (Group 
Several years ago the frequency of a pcricardial effusion, as 
detected by M-mode echocardiography within 5 days after an 
acute myocardial infarction, was assessed in 43 consecutive 
patients admitted to the coronary care unit at Northwestern 
Memorial Hospital (1). Twelve (28%) of the 43 patients had 
clinically recognized pericarditis manifested by typical 
positional-pleuritic chest pain or a pericardial friction rub, 01 
both: of these, S had a pcricardial effusion. Conversely, 16 
(37%) of the 43 patients had a pericardial effusion, 5 (31%) 
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The type of ~osti~f~~rcti~~ T wave pattern, 
al T wave evolution bad a 
ever, similar T wave alterations were also observed when a 
rmfai&ii jiC%kiiTiiai ei?usi xisted in the absence of clin- 
ically recognized ~e~icar~~tis. een percent of patients with 
(J Am Coil Cardiol 1994;24:1073-7) 
with and II (00%) without clinical signs or symptoms, or both, 
of pericarditis. Thus, there was not a close correlation between 
an echocardiographically detectable pericardial effusion and 
clinically recognized pcricarditis. Subsequent studies (2,3) also 
found a ~50% incidence of clinically recognized postinfarction 
pericarditis among patients with a postinfarction pericardial 
effusion. A hemadynamic abnormality was considereti to be 
operative in these instances. Galve et al. (2) found that 
congestive heart failure was present in 29% of patients with 
and in only 14% of patients without a pericardial effusion. 
Similarly, Sugiura et al. (3) found a higher pulmonary capillary 
wedge pressure in patients with a postinfarction pericardial 
effusion without a friction rub than in those with an effusion 
with a rub. 
Recently KG criteria for the T wave were established 
(4,5), allowing the diagnosis of postinfarction regional pcricar- 
ditis. Atypical T wave evolution was found lo bc a scnsilivc and 
reasonably specific sign of this condition (4). The EGGS were 
not examined for atypical T wave evolution in the earlier 
report from this institution (1) nor was the incidence of 
1074 OLIVA ET AL. 
EPICARDIAL INVOLVEMENT IN ACUTE MYOCARDIAL INFARCTION 
JAW Vol. 24, No. 4 
October 1993:1073-7 
postinfarction pericardial effusion, as assessed byechocardiog- 
raphy, determined in the recent ECG studies of postinfarction 
regional pericarditis (4J). Therefore, this study was designed 
to 1) determine whether atypical T wave volution also exists 
in individual patients with a postinfarction pericardial effusion 
but without associated clinically recognized postinfarction 
peric&itis, and 2) to verify the frequency of these T wave 
changes in the previously reported patients with postinfarction 
pericarditis from Northwestern U iversity. 
ethods 
Patlent s&ctlon, To accomplish t e study objectives, the 
hospital records and serial ECGs of the 12 patients (from 43 
patients with an acute myocardial infarction) with clinically 
recognized pericarditis from the earlier study were reviewed. 
In addition, the hospital records of 23 other patients with an 
acute myacardial nfarction from the same time frame were 
reviewed, yielding 8more patients with postinfarction pericar- 
ditis. Thus, a total of 20 (30%) of 66 patients with clinically 
recognized postinfarction pericarditis were identified. For 
comparison, the ECGs of 28 previously unreported patients 
with a postinfarction pericardial effusion, detectable byecho- 
cardiography but without clinical signs or symptoms ofperi- 
carditis, were also analyzed. 
The hospital records, erial ECGs and echocardiograms of 
the 20 patients from 1982 to 1984 with clinically recognized 
postinfarction pericarditis were reviewed to determine the 
pattern of T wave volution (Group I). Clinically, postinfarc- 
tion pericarditis was diagnosed by the presence of typical 
positional-pleuritic chest, left scapular or shoulder pain or a 
pericardial friction rub, alone or in combination, occurring 
during the Ist 7 days after acute myocardial infarction. In 
addition, the hospital records, erial ECGs and echocardio- 
grams of 20 patients from 1990 to 1992 with a postinfarction 
pericardial effusion but without clinical evidence ofpericarditis 
ilarly analyzed (Group II). A correlation was then 
en the pattern of postinfarction T wave volution 
and the presence orabsence of a pericardial effusion by an 
intergmup comparison. I  additio?, acorrelation was estab- 
lished between the pattern of T wave evolution and the 
presence or absence of congestive heart failure in those 
patients with a postinfarction pericardial effusion without 
clinical evidence ofpericarditis byan intragroup II analysis. 
Electrarardiogmpbk ewaluation. All patients had at least 
five ECGs. The ECGs were independently reviewed by two 
observers for ECG evidence of atypical T wave evolution 
described in detail elsewhere (4,5). Briefly, the ECGs were 
examined todetermine the presence of1) persistently positive 
T waves or 2) reversal ofinitially inverted T waves to positive 
deflections during the 1st 2 to 7 days after acute myocardlal 
infarction, both representing atypical T wave volution char- 
iW&iC of regional postinfarction pericarditis (4,5). The 
diagnmis Of regional postinfarction pericarditis was initially 
learned through an ECGlpathologic correlation f the course 
of T wave evolution among patients with fatal free wall 
rupture. It was found that 94% of patients with free wall 
rupture had atypical T wave volution associated with regional 
postinfarction pericarditis (6). An additional 4% had ST-T 
wave changes associated with diffuse pericarditis. 
~b~~~i~~pbic evaluation. Each patient had at least 
two M-mode and two-dimensional echocardiograms during the 
week after infarction, the first within 48 h after admission. All
echocardiograms were reviewed, without knowledge of the 
ECG data to determine the presence, size and location of a 
pericardial effusion. The localization f a pericardial effusion 
was determined bythe method of Martin et al. (7). The size of 
a pericardial effusion was estimated bymeasuring the distance 
between the visceral nd Marietta pericardium atend- 
as described by Horowitz et al. (8): An effusion cl0 mm was 
designated assmall, 10 to 20 mm as moderate and >20 mm as 
large. 
~xcl~~i~n~. Patients were xcluded who had 1) preexisting 
pericardial disease; 2) previous coronary bypass urgery; 3) 
postinfarction a gina; 4) conduction defects; 5) electrolyte 
abnormalities; 6) blood urea nitrogen >5Q mg!dl; 7) current 
digitalis or type IA antiarrhythmic drug therapy; 8) chronic 
congestive heart failure; 9) concomitant illnesses, uch as 
rheumatoid arthritis, ystemic lupus erythematosis, progressive 
systemic s lerosis or ankylosing spondylitis, that might affect 
the pericardium; or 10) refusal by the patient or physician to
give consent for an echocardiogram. 
Definitions. Postinfarction pericarditis was defined as the 
presence of typical positional-pleuritic chest, left scapular or 
shoulder pain or a pericardial friction rub, alone or in combi- 
nation, ~cur~in~ within 7 days after an acute myocardial 
infarction. Possible clinically unrecognized pericarditis was 
defined as two or more of the following associated, but not 
diagnostic, symptoms or signs of postinfarction pericarditis: 
recurrent uncharacterized chest pain (chest pain not further 
qualified or quantified, with no descriptive adjectives, esti- 
mates of the severity ofthe pain or its duration mentioned); 
fever of 100 to 102°F during the 1st 2 to 7 days after infarction; 
and a transient systolic-only murmur or transient a rial fibril- 
lation or atrial flutter. Each of these symptoms orsigns, or 
both, may exist with postinfarction pericarditis, but each may 
also occur singly or together in its absence. A pericardial 
effusion was defined as a posterior echo-free space throughout 
the cardiac ycle or a changing (between two echocardio- 
grams) anterior or apical echo-free space. Congestive heart 
failure was defined as two or more of the following: 1) 
tachypnea, 2)rales one-third or more upward from the dia- 
phragm, 3) an S3 gallop, 4) chest X-ray film showing changing 
alveolar or interstitial infiltrates, or 5) a pulmonary artery 
wedge pressure 218 mm Hg. 
Typical T wave evolution was defined as T waves that 
became inverted in the ECG leads initially displaying ST 
segment elevation within 48 to 72 h after infarction and 
remained so for 21 week. Atypical T wave evolution was 
defined as persistently positive T waves in the leads initially 
displaying ST segment elevation from 48 to 72 h or longer after 
the inception of an acute myocardial infarction or gradual 
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. ~lectrocard~~g~a~~~c and 
~h~~acterjsti~s of Patients With an 
ecognizable ~ost~~farct~o~ Pericarditis 
Group I Group II
n (%) n (B) 
Site of infarction 
Anterior 4 (2Q) 6 (30) 
Anterior-lateral 2 00) 1 (5) 
Anterior-superior 2 W) 3 (15) 
Anterior-lateral-superior 1 (9 1 (5) 
Inferior 5 (25) 2 (10) 
Inferior-posterior 3 (15) 4 (20) 
Inferior-posterior-lateral 2 (10) 3 (15) 
Lateral 1 (5) II 
High lateral (superior) O 0 
Posterior 0 O 
Type of infarct* 
Q wave 25 (83) 28 (r;Z) 
NonQ wave 5 (17) 6 (IS) 
Patients with typical symptoms or 20 (loo) (1 (0) 
signs of pericarditis. or both 
Patiettts with associated symptoms - I8 (90) 
or signs of pericarditis, or hih 
Pericardial effusion 
Posterior 3 (37) 5 (25) 
Anterior 0 (Q) 1 (5) 
Apical 1 (W 1 (5) 
Circumferential 5 (62) 13 (65) 
“Total number of infarctions in each group exce :ds 20 because of multiseg- 
ment infarctions. 
(>24 to 72 h) reversal of initially inverted T waves in the 
infarct-related leads to become positive deflections. Atypical T 
wave evolution might also be construed as a form of pseudo- 
normalization of the T wave not due to recurrent ischemia or 
reinfarction. We generally tend to avoid the term pseudonor- 
malization of the T wave, however, because some physicians 
unwittingly perceive this auspiciously. 
Statistical nalysis. A comparison f variables within and 
between groups was done by the Student t test and the Fisher 
exact est, respectively. A p value co.05 was considered statisti- 
cally significant. All data are expressed asmean vahle I SD. 
Characteristics of 20 patients with clinically recognized 
postinfarction pericarditis (Group I). The 20 patients (aver- 
age age was 59 years) in this group had 25 Q-wave and 5 non-Q 
wave myocardial infarctions. The Iota1 of 30 exceeds 20 
because some patients had multisegment i farctions. The site 
of acute myocardiai infarction was anterior in 4 patients, 
inferior in 5, lateral in 1 and multiregional in 10, as shown in 
Table 1. Twelve patients (60%) had characteristic positionai- 
pleuritic chest pain; four (20%) had a pericardial friction rub 
only; and four (20%) had both. Eight (40%) of the 20 patients 
had a pericardial effusion detected by echocardiography. Con- 
gestive heart failure was present in 6 (30%) of 20 of these 
pati’ents with clinically recognized pericarditis (Table 2). 
tncidence of Congestive H art I%ure and the T,ve OC 
Atypical T Wave Evolution i  Each group 
-- 
Group I Group II 
(n = 20) (l-l = 2O) 
-- 
Congestive heart failure present 30% 60% 
Type of atypical T wave evolution 
Persistently positive with a PE 26% 48% 
Persistently positive without a PE 28% 0 
Reversal after inversion with a PE 30% 52% 
Reversal after inversion without a PE 16% 0 
- 
PE = pericardial et&ion. 
41&i and echocardiographic ings in Groups B and II. 
~~)~~~sl~ve heart failure was present in 12 (60%) of the 20 
patients in Group I1 (Table 2). Twelve (6096) of the 20 patients 
also had signs often associated with postinfarction pericarditis 
without classic symptoms or a friction rub, or both. Addition- 
ally, one patient had strands of fibrin visible in the pericardiai 
effusion, implying an exudate. A second patient had an asymp- 
tomatic and acoustically silent bloody pericardial effusion 
(proved by pericardiocentesis). A third patient developed a 
painless and acoustically silent hemopericardium after perfo- 
ration of the right coronary artery at the time of angiopiasty; 
and a fourth patient had visible anterior pericarditis at the time 
of bypass urgery (Fig. 1). Two other patients had a locuiated 
(one anterior and one apical) pericardiai effusion correspond- 
ing to the area of infarction, inferring pericarditis as the cause. 
Thus, 18 of the 20 Group II patients may have had possible 
clinically unrecognized postinfarction pcricardik (Table 1). 
E~ectr~card~ogra~~~c ~~~i gs ipa Groups II iand HI. All 
patients had atypical T wave evolution irrespective of the 
presence or absence of a pericardiai effusion. The T waves 
remained persistently positive in 33 (51%) of 64 sites of 
infarction, whereas reversal after inhiai inversion occurred in 
the remaining 31 (49%) of 64 sites of infarction (Table 2). 
Thus, 100% of patients with clinically recognized postinfarc- 
tion pericarditis or an asymptomatic, acoustically silent peri- 
cardiai effusion had atypical T wave evolution (p = 1.0). 
Six of the 40 (15%) patients with atypical T wave evoiutioll 
had a non-Q wave infarction. Among the 64 sites of infarction, 
5 (17%) in Group I and 6 (18%) in Group 11 were associated 
with a non-Q wave infarction (Table 1). Examples of postin- 
farction pericarditis with and without Q wave infarction are 
displayed in Figures 1 and 2. 
(40%) had a pericardiai effusion that was classified assmall in 
five (62%/o), moderate in two (25%) and large in one (13%).. 
The effusian was located posteriorly in three (370/u), anteriorly 
or apicaliy in one (12%) and circmmferentiaiiy in five (62%). 
Echocardiographic findings in Group II. Ali 20 patients in
this group had a pericardiai effusion (Table 1) that was 
classified as small in 14 (70%), moderate in 4 (20%) and large 
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1. Serial electrocardiograms (EC@) from a patient with a 
wave infarction associated with atypical T wave evolution, a pen’- 
& efiion and clinically unrecogs+:d pericarditis. All tracings 
show left ventricular enlargement and an associated strain pattern. a, 
Admission EGG obtained 24 h after the onset of symptoms. Peak 
creatine kinase, MB ftaction, occurred at this time. The ECG shows 
Sr segment elevation and upright T waves in leads to V, to V,. b, 
ECG acquired 12 h later discloses less ST segment elevation and a 
reduction in QRS comple& and T wave amplitude in kads V, to V,. e, 
48-h tracing revem 1 mm more of ST segment elevation and an 
increase in T wave amplitude from 2 to 7 mm, Tbe patient was 
riencing unchamcterized chest pain. An echocardiogram done the 
same day showed anterior, septal and apical akinesia with a small, 
rdial effusion. 4 ECG done the following day shows 
islently positive T waves in leads V! to V,. Coronary 
I that day disclosed a 70% left mam coronary artery 
% narrowing uf the left anterior descending coronary 
anary. Surgical intervEnt& wasperfarmed the next day becausr of the 
angiogaphic findings and continued uncharacterircd chest pain, 
At operation there was visible hemorrhage in the anterior wall, 
with an overlying pcrkarditis. e, ECG secured the day after operation 
shows accenluation of the upright T waves, probably due to the 
trauma to the pericardium caused by operation supetimposcd on thr 
regional pricarditis. The pericardial tube drained bloody fluid. F, ECG 
procured 3 days later exhibits diminution of the upright T waves. g, 
ECG made 7 days postoperatively shows further pradual reduction ot 
in leads V, to V, with beginning terminal T wave 
in 2 (10%). The effusion was located posteriorly in5 (25%). 
anteriorly or apically in 2 (10%) and circumferentially in 13 
(65%). 
This study verifies the high sensitivity of atypical T wave 
evolution for the recognition f region4 postinfarction peri- 
Figure 2. Serial electrocardiograms (IXXs) from a patient with a 
non-Q wave infarction associated with clinically recognized pericardi- 
tis, atypical T wave evolution and a small posterior per&dial effusion. 
All ECGs show voltage critcrin for kft ventricular cnlargcmcnt. a, 
Admission ECG obtained 2 h after the onset of symptoms. Peak 
creatine kina.se, MB fraction, oczurrcd at 11 h. The KG shows ST 
scpmcnt elevation with upright T waves in lends V, to VJ. b, 48-h 
tracing di~l~~s~~~ an isoelectric ST scgmcnt with docp T wave invcr- 
sions (7 mm in lcad V.,) in leads V, IO V3, inferring spontaneous 
rcpcrfusion. c to F, ECGs obtained on days 3 to 0 daring positioael- 
pleuritic chest pain reveal gradual reversal of the T wwc polarity to iI 
maximal positivity of 6 mm in lead V, on June 2. IWO. g, ECG 
acquired 2 days later as pain diminished during ihuprofcn therapy 
shows a reduction in upright T wwc amplitude. h, ECG made tho 
following day exhibits early terminal T wave negativity as the pcricar- 
ditis resolved clinically. The T wave evolutionar) changes arc perhaps 
best appreciated by following lead Vz vertically. 
. 
. 
6-4-90 
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ricardial effusion with atypical T wave 
underlying clinically unrecognized 
~~ter~~t~ve ex~l~~at~~n. However, another reconcilia- 
tory explanation f these observations merits consideration. 
Studies in experimental animals (9,lO) and in humans (1 L-15) 
hnvc shown that the ST-T wave changes associated wit 
pericarditis of varicus causes are due to subepicardial myocar- 
dial inflammtition or necrosis, orboth, rather than injury to the 
pericardium assuch. Therefore, it is possible that the atypical 
T wave volution seen with both clinically recognized postin- 
farction pericardrtis and only an echocardiographically denti- 
fiable postinfarction pericardial effusion (without clinically 
recognized postinfarction pericarditis) . due to extension of
the necrotic wave front into the subepicardial myocardium 
regardless of whether or not pericarditis exists. Thus, the 
atypical T wave volution observed under both circumstances 
may be an indicator fa truly transmural process. As stated by 
Spodick (M), the observation that “pericarditis occurs with 
and without Q wave infarction really indicates that discovering 
pcricarditis is perhaps a more reliable indication ofa transmu- 
ral process than is the ECG.” Similarly, the presence of 
atypical T wave volution i  each of the 15% of our patients 
with a non-Q wave infarction (Table 1) infers that ;he T wave 
may be a more sensitive indicator finfarct transmurality than 
the Q wave. 
Conclusions. Atypical T wave volution may occur either 
with clinically recognized postinfarction pericarditis or a pain- 
less, acoustically silent postinfarction pericardial effusion. 
wave evolution may indicate 
tis or an extension of a 
into the subepicardial 
olarization changes seen with 
The technical assistance of Michcle Parker, RN, MS, from Northwestern 
University is deeply appreciated. 
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